Sixteen embryos were recovered nonsurgically at day 6.5 after induced ovulation from Welsh pony mares and were evaluated for cellular changes that occur because of exposure to the cryoprotectant with or without the freeze and thaw process. Day 6.5 horse embryos were either (i) frozen and thawed using glycerol as cryoprotectant (n = 6), (ii) 
Introduction
Cryopreservation and export of embryos have become an integral part of the bovine embryo transfer industry: in Europe more than 78 000 frozen bovine embryos were transferred in 1990 (Thibier, 1991) . In contrast, freezing of equine embryos is not yet popular in the equine industry because limited success has been reported with this technique. After the first pregnancy which aborted at 2 months of gestation (Griffin et al, 1981) , the birth of the first foal produced from a frozen-thawed embryo was reported by Yamamoto et al. (1982) . Since then several attempts at freezing equine embryos have been reported (Slade et al, 1984; Takeda et al, 1984; Boyle et al, 1985; Czlonkowska et al, 1985; Slade et al, 1985a,b; Wilson et al, 1986; Sirois et al, 1987; Farinasso et al, 1989; Seidel et al, 1989; Squires et al, 1989; Bruyas et al, 1990; Lagneaux and Palmer, 1991; Skidmore et al, 1991) : just over 200 frozen-thawed embryos have been transferred and mean pregnancy rates were lower than 20%.
Most of these results were achieved with the same freezing protocols as used for bovine embryos using glycerol as cryo¬ protectant. Some of these experiments showed better results with small embryos (^2 00 µ ).
In two previous studies on the effects of cryopreservation on the ultrastructure (Wilson et al, 1987 ) and on the metabolic activity (Rieger et al, 1991) of horse embryos, it was suggested that the treatment with the cryoprotectant, glycerol, rather than the freezing-thawing procedure induces most of the damage in cryopreserved horse embryos.
The purpose of the present study was to compare fresh, cryoprotectant-treated and frozen-thawed horse embryos using light and electron microscopy to determine the number and the types of cell that are degenerated and to elucidate the ultrastructural modifications during cryopreservation and subsequent thawing. Moore, Meaux) was given (Palmer, 1979 (Duchamp et al, 1987) (Palmer, 1984 (Czlonkowska et al, 1985) , and taken up in 50 µ in 0.25 ml freezing straws (IMV, l'Aigle) (Lagneaux et al, 1988 (Wilson et al, 1986 (Schwartz, 1969) . Differences in quality score of morphological assessment before and after treatment and culture and differences between numbers of inner cell mass (ICM) and trophoblast cells of embryos were tested with a paired Student's t test (Schwartz, 1969 Light and electron microscope observations showed that these horse early blastocysts had a centrally located inner cell mass (ICM) (Fig. la) (Fig. la; Fig. 2a ). These cells of ICM had proto¬ plasmic processes of different forms which extend from one cell to another (Fig. 2a, b) . The trophoblast cells formed a single layer adjacent to the capsule and were connected by junctional complexes (Fig. 2c) and their outer surfaces were covered with numerous microvilli (Fig. 2d) . The two acellular layers, the zona pellucida and the horse specific capsule, could be clearly recog¬ nized ( Fig. la; Fig. 2d ). Some embryos showed degenerating cellular material wedged in between the zona pellucida and the capsule (Fig. lb; Fig. 2d) . A copious lipid stock was stored in any size droplets (some were very large) within most of the cells ( Fig. lc; Fig. 3a ) and even free in the blastocoel. The cyto¬ plasm had a dark appearance because of its wealth of subcellular components: rough endoplasmic reticulum and free ribosomes (Fig. 3a) , and Golgi lamellae (Fig. 3b) were particularly abundant. Many vesicles, some of these were very large, were observed particularly within trophoblast cells in the peripheral area of cytoplasm ( Fig. la, d; Fig. 2d ). The mitochondria were also very numerous. They were small and cylindrical and had a dense appearance in cells of two control embryos (Fig. 3b) . How¬ ever, for the three other control embryos, most mitochondria were very clear, spherical and markedly swollen (Fig. 3c) Junctions and cytoplasmic organelles of the non-degenerated cells of all glycerol-treated and frozen-thawed embryos were the same as those observed in the control embryos. The same spherical and very swollen mitochondria as those observed in some control embryos were also seen in two glycerol-treated and three frozen-thawed embryos (Fig. 3d) cells, the hatched blastocysts of 150-400 cells and the day 10 cow embryos of 500-700 cells (Renard, 1985; Sripongpun, 1986; Dorland et (Wintenberger-Torres and Flechon, 1974) and blastomeres in the pig day 5 embryos (Renard, 1985 (arrowhead) wedged between the zona pellucida (ZP) and the capsule (C).
Scale bar = 1 pm.
In the study reported here more cells were found than in our previous report (Rieger et al, 1991) , but in this earlier study, the classic histological analysis gave less precise information than the serial fine process used here.
The presence of more blastomeres in horse embryos than in embryos of other species may be due to the fact that early blastocyst stage is reached later after ovulation in equine embryos than in ruminant embryos or to a faster cell cycle in horse embryos than in ruminant embryos.
However, the proportion of mitotic cells in the control embryos is not very high because only metaphase cells were counted as mitosis and metaphase is a short period during the cell cycle. This mitotic rate agreed with our first study (Rieger et al, 1991) and with those reported for embryos of other species (Renard, 1985; Dorland et al, 1988; Marquant-Le-Guienne et al, 1989; Nibart et al, 1989 ).
Our observations on the structure and ultrastructure of early horse blastocysts confirm studies of Flood et al (1982) and Wilson et al (1987) . Nevertheless the proportion of ICM cells of horse early blastocysts has not been estimated in other studies. The proportion evaluated in this study is greater than that reported by in bovine blastocysts but in accordance with those described in bovine blastocysts by Renard (1985) , Sripongpun (1986) and Marquant-Le-Guienne et al (1989) .
The purpose of our ultrastructural investigations was to test for early impairment of subcellular components owing to glycerol treatment or freezing or both processes. Stages of cell injury have been described by Trum et al. (1980) In histological studies on embryos of other species (Renard, 1985; Dorland et al, 1988; Marquant-Le-Guienne et al, 1989; Nibart et al, 1989) , the proportions of pycnotic cells of fresh embryos or embryos cultured for a short time are similar to those observed in the horse control embryos in this study. We have already reported (Rieger et al, 1991 ) that glycerol-treated and glycerol-thawed embryos show statistically significant higher proportions of degenerated cells than do control embryos.
These rates are comparable to those estimated by Slade et al (1985b) in frozen horse embryos, but higher than those reported for frozen bovine blastocysts (Camous et al, 1984; Renard, 1985) and for frozen mouse blastocysts (Low et al, 1986 (Pruit et al, 1991) and bovine embryos (Camous et al, 1984; Sripongpun, 1986; Nibart et al, 1988; Marquant-Le Guienne et al, 1989) .
In this work as in the previous study (Rieger et al, 1991) there was no difference between rates of pycnosis for glyceroltreated and frozen-thawed embryos. This latest result agrees with the previous suggestion of Wilson et al (1987) , Lagneaux and Palmer (1991) .
